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Abstract

for composite AGS plates/shells on the basis of the refined stiffened element model. The failure modes considered in

A new progressive failure methodology is developed to simulate the onset and growth of multi-failure

this study are inter-laminar failure (i. e. delamination in skin) and intra-laminar failure including fiber failure , matrix
cracking, fiber-matrix shear failure in skin and fiber failure in the ribs. For intra-laminar failure modes, correspond-
ing material degradation rules are introduced. However, a new equivalent degraded stiffness rule is proposed for de-
lamination. The methodology is validated by a typical example and is employed to evaluate the progressive failure be-
havior of a composite orthotropic-grid curved panel with a centrally located cutout under compressive load. It is con-
cluded that the inter-laminar failure is triggered by the existing intra-laminar failure, the propagation of the fiber-ma-
trix failure in 45° ply is fastest due to the influence of the transverse shear stress and the local skin buckling would

easily take place in debonding area.

Key words Advanced composite grid stiffened ( AGS) structure, Damage onset and growth, Delamination
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Tab.1 Material property degradation rules
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Fig. 1 Composite laminate with delamination
32 AR X T REAR G A RO AR/, VR
THRAAETE R FZEA KR, IR « = k0 350 R
WA TARIYAE T A2 MRS, AR S DL 23 230 B
FEE AR, PR ISR AMBR BT {5 SR A TR AT o
VAP A, 2 B Ak 4 R A i i Y i g
T, 2SR 5 Al #5160 P NS -

' =-A, "Bk, (2)
B, PR N AR N
M, =B,s,° +Dk, (3)
B (2) AN ) 2, BT E R R N
M, =D k, (4)

Hr, D' =D, -BA, _1310
[FIEH, &SR AR Al 2o A
M, =D; «, (5)
Hrp 7D2* =D, -B,A, _IBzo
TUORSRC P T E ol N TR = 9 I
M=M +M, (6)



AT A 2T R A S il W B R R A, R W
Mz 4y 2R o] L2 . UL, 456 (4) J(5) =X,
B GOSN ST By

M=D"k
H.D* =D/ +D;,

Mo 2 Ja e 1a B b 7543 2 B o & g2
TR ) BY N ) Te3id a3 2 B AR | SRR ORI
35T RARAEE I B NI, (X F R A
AT, TE R JE LR ) B B A7) SR UL B S R 4y
A, G 2 s

XFoEEEE AT ER .

(7)

7=/(2)Gy (8)
S, G IR,y WITHIRE, f(2) =
re =k

ﬁqj shi%% LR ’Ziﬂ] 25-17% I AR T ZHI
JCIEN 2 A d5, 7 (2) W RAES N BRI W F R4
o PG, 4325 RS R8S VIWIEE AT 3R 0
H* = f_mf* (2)Gdz

Gk RENARNES®EAT BT D RIH"
A3l (1) ((7) F(10) TS H] . K R AL
WAy LAY 25 R HT 25 it A B T T N K R R
B KRR MR, WWFFEART &4 IE G R A5 o
2 WG RSTRE

(10)

|

|

B4

p_@@f]ﬁﬁgemgﬁo

,TL

=
. j
.
; \
; \
I3 ‘o
! A
! ot .
—t e} e G TR PEEEE FEEE RS S
/ I' 1
\ -
- - \ | A
. ‘ /
/ \
/ .
Y

(R CAN

IR ilE
T TR R L

B2 1A BY R S TR R G AR 20 A

Fig.2 Distribution of transverse shear stress in laminate
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Fig. 3 Flowchart of damage progress procedure
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Fig.4 Sketch of laminate plate containing similar delamination
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Fig. 5 Effect of delamination size on normalised

critical buckling load for rectangular delamination
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panel with central cutout
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Tab.2 Mechanical properties of AS4/3502 graphite-epoxy
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Fig.9 Distribution of failure in orthotropic-grid panel under maximum load
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Fig. 10  Distribution of failure in bare panel under maximum load
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